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i,     a  3tudy  of  the  reactioii  between  sodiuli  1-piceliyl- 
3-t:iilUrazole  and  ethyl  iodide. 

For    eevera]    years   there  hae  been   in   prot^ress 
in   t,>ii  r]  aboratory   ab   extended  investigation   of   the  mech- 
anism  of   the    react- ion   between   aJky]    ha]  1  dep    and   varioup 
substances,    such   as   ethylates,    phenol ater   and  urazo] e 
sa]ts.         This  problem  has  been    attacked   by      r-^acticn 
velocity  methods  with   very   satisfactory   results.        The 
infomation    sought  has  been   somewhat    extended,  including 
the  relative   reaction   velocities   of  various   alkyl    halides 
and  the    exact  mechanism  by  which   the   reactions   take  place. 
We  have    subjected  the      various   theories  previously     pro- 
posed  to    experimental    investi  L-^ation    and  h^ve  undertaken 
finally   a  thorough   study  of   the   question  whether 
the  ethyl  ate,   phenol  ate,    urazol  e   sal  t_,  etc.    r^cts   v.-ith 
the   alkyl    halide    simply   in    the      ionic    state   or   whether 
both   ions    and  molecules   react    side  by    side.        The  present 
investigation    deals    chiefly   v/lth   this  last   question. 
The   substances  used  we^de      sodium    1-phenyl -3-thiourazol  e 
and   ethyl    iodide.        The   reaction   was   studied  in   absolute 
alcohol    at    25°   in    concentrations   varying  from  ll/4   to   :i/64. 
The   results   obtained   seem   to   establish    very    firmly   the 
fact    that   in    reactions  of    this    type   both    the   ionic    and    the 
molecular   forms  of   th-   salts    react    side  by    side   with   the 
alkyl    halide^  each   with   its  own    ch'iract  •-•ri  stic     velocity. 
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The    etudy   of    ^h*^    renction   'hetween    1-pheny]-3- 
thlourazo]ft   and   ethy]    iodide  wap  begun  by  Brune]    and 
Acree      in    I905  in    ^0  per    cent    T]coho]ic    solution   at    25°. 

This   work,   h3'«'.^vor,    n."\F<   only  preliminary   and   no    conclu- 
sion?  v/ere   r'iached. 

In    1906   the  problem  i^%b   taken  up   by   Shadlnger 
and  Acree-   on    a  dore   extended   scale.        Their   object   was 
two-fold;    first,  to    determine   as   far   as  possible   the      ex- 
act mechanism  of   the  reaction,  and,  second,  to    ascertain 
the      relative   reaction   velocities   of    the   various   alkyl 
nalides  by  varying  both   the    alkyl    group    ani   the  halide. 
This  work  was    carried  out   in   50  per   cent   alcoholic    solu- 
tion  at   both   25°   and   ^0°.        They   reviewed   the   various 
theories  previously  proposed      for   the  mechanism  of   such 
reactions:    (I)    the   dissociation   theory   of  Bruyn   and 
Stejer,    (2)    the     bivalent    carbon    theory  of  ITef,    and    (5) 
the   complex  cation    theory  of  Euler.        Their   results  vere 
not  in    agreement   with   any   of  these   theories.        They   c^me 
to    the    conclusion    that    the   ethyl    iodide  molecule   reacts 
with   the  urazol  e   anion  popsibly  with   the   fom^tion   of   an 
intermediate      unstable   anion   of  the   type   C2H5l*OH. 
They   did   not    investigate   directly   the   question   whether 
both   ions   and  molecules   reactr        Their    second  problem, 
the  investi,q:ation  of   the   rel<»tive   ■•'o-^ction   velocities 
of   various   alkyl    halides,    v;as   taken    up   thorou.jhly. 
Their   work   included  methyl  ,  ethyl  ,n-propyl  ,n-butyl  , 
n_-hexyl  ,    n-octyl,    r^-r^tyl, 


1.    Am.Chem.    Journ. ,43, 550 
P.    Ibid,    ii.226. 
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isoZamyl,    iecCpropy]  ,    ieo'buty]  .tertiary       buty]    and   a]]y] 
iodld-^s,    etriy]  ,  n-  propy]  ,  q-  buty]  ,       i  pojamyl  ,    lBo^~propy]  , 
ieoCbuty],    and     terti  ary  buty]    bromides,    and  Jl- propy]  , 
n-buty],    iFO-amy],    ieorpropy]  ,    ieoCbuty],      and  tertiary 
buty]     chlorides.         The    velocity    conrtant    war    found    to 
vary   widely  with   the    different   halidee,    a  difference   in 
conptitution   also    giving   a   difference   in    reaction    veloc- 
ity.        In    genera]    the    pecondary   aj.ky]    halide  wa?   found 
to   be   les8   reactive   than   the  primary,    and   the      tertiary 
etil]    Jese   than    the    secondary. 

The   question   whether      eodium    1-pheny]-3-    thio- 
urazo]  e  reacts  in  both  ionic    and  molecular  form     was 

first    taken   up    systematically  by  Nirdlinger,    Rogers    and 

1 
Acree,        Their  work  was    carried  out    in    absolute   alcohol 

at    25**  by  using      sodium    1-pheny] -3-thiourazo]  e    and    ethyl 
iodide;these    substancea  were   also   used  in   the  present 
work   in   different   concentrations   and  under   slir^tly  dif- 
ferent   conditions.        They  used   concentrations    varying 
from   0.5  N   to    0.025  II. 

The    course  of   the    r-eaction   was   followed  by   ti- 
trating  the   reaction  mixture   at    the   end  of      any   time 
period  T  with   a   standard    solution   of   iodine   and     thus 
measuring   the   amount   cf  unchanged   sodium      1-phenyl-3- 
thiourazol e  present.        The   concentration      of    th?   sub- 
stance  at    the  beginning   of      reaction   was    a] so    deter- 
mined by   titration   with   the    same   iodine    solutions. 
The   data   thus    seouredwere  substituted  in    the   general 
equation    for   obtainin,^   the    velocity    constant   of   a 
bimolecular   reaction   when    the    reacting   quantitier    are 

equim.ol  ecul  ar, 
1.    Thia   work   v.il3    soon   be  published. 


Kv  =  AK   =  ^       j;^—j>       ir.   which 

Kv   ir    the   ve3ocit,y   constant    for    the  reaction, 

X  iP    the   amount      changed   at    the   time   T,    and 

A-x  ic   the   funountjun changed   at   the   time   T. 

The   value  o^^tained  for  K^^  was  mu3tip3ied  by  V,    the   volume 

of   the    eolution      containinc;   a  grain  m.oJecule   of  the    ra]t, 

in   order   to    redace   the   velocity   constant    to    that   of      a 

normal    eolution   of  ionization  X   .        Thie  procedure   gives 

the    equation, 

Kn  =  V  X  Ky. 

A  general    equation  had  previously  been   deduced  hy  Acree 

and  m.ol  '•cul'^. 
and  hie    co-v.-orkerB  on   the   assumption   tiiat  hoth   ione^re-^ct 

^     ^KiS'     ;A-x)    (B-x)    +Kn,(1-X)    (A-x)    (B-x) 
dt 

--/Kii:+  Km   (1-  £)1  (A-x)    (B-x) 
On   integr^ition   and    collection   of   the    conetante   this   re- 
duce?  to    th'?    equation 
K  ocV  =  Kn     =  KiX  +  Kir,.   (1-X  ),     in   which 

Kn   is   the   velocity   corrtant    for   the    reaction    in 
norm.al    concentration  of   ionization   £  , 

K.    ip   the  velocity   constant   of   the    l-phenyl-^- 
thiourazole  anions, 

Kpj  ie    the   velocity      conrtant         of    th -    eolium 
1 -phenyl-?-    thicurazole  moleculee, 

X    is   the  per   cent   of   ionization   of   the   eodlum 
l-phenyl-5-thiourazole   in    the    concentration   ured,    and 
(1-^)    ie   the     concentration  of   the   oodiun    1-phenyl-5- 
thiourazole  moleculee. 
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The   valuep   of   X  and    1-./;     ^^erp  obtained   by   conductivity 
ir.easurements.  The    va]  uesf  or  Kn,  X  and  (  1    -  jC  )    obtained, 

ae    stnted      above,    vere    pubptituted   in    thie   equation   and 
the   reeulting   equatiorp    polved   EimuJ  taneoup]  y   forK^    and 
Kjjj.        The    values     secured    were   fairly   constant,    mean 
values     Ki    =   0.455  arri  Km   =   0.17  V-eing  obtained.        This 
givep   a  r^tio     |i-      ,---   2.5.        In   other   v;ords,  the    l-pheny] 
-5>thiour.'5zo3  e   anions   rer^ct   2.5  times    as   rapidly    as    the 
sodium    1-phenyl-5-thicurnzo]  e  m.o3  ecul  es.        From,  the   re- 
sults obtained  Nirdlinger   and  Rogers   reached    the   conclu- 
sion  that   in   this   reaction   the   reaction   velocity   i?    a 
function   of    the    concentrations  of  both   the  urazole   ions 
and   the  nonionized     urazole    salt. 

The  present   investigation    is    a  m.ore   accurate 
confirmation     of  the  work  of  Nirdlinger   and  Rogers  by 
the  use  of      the    sarae    substances,    sodium.    1-phenyl-3- 
thiounzole   and    ethyl    iodide..      The   v.orkWs   carried  out 
at    250  in   absolute   a]  echo],  the   concentrations   being 
M/4,lV8,K/l6,ll/3i^   and  N/64.        The  method  of  procedure   is 
fully  discussed   in    the    experimental    part.  In   the     :i/4,N/8, 
and  N/16   solutions      equimol ecul ar  quantities   of  urazole 
salt    and    alkyl      halide    v.ere  used,    and    the   velocity,    con- 
stant   was   obtained  by    substituting  the  proper   data   in 
the   equation 

V        T  A-x 

In    the   very   dilute   solutions,    N/52   and   N/64,   ho'A-ever,    N/8 
ethyl    Iodide   was  used   and    the      figures   obt-iined   vere   subs- 
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titut«^d   In    the  more   gf^ner?i]    equation 

in   v/hich  A  repreeent?    the   initii]    concontration   o^  ura- 
zoJe    salt    and  B   the   initia]    concentratior   of   alky]    is.- 
3ide.        The      excess   of    •='.]ky]    halidev.as    uped   fcrthe    two- 
fold purpose   of   increasing   the   speed      of    the   reaction 
and  of  miminizing   the   error  due   to   lo?8   of   the  volatile 
alky]    halide  by   evaporation   during   the  prepar9.tlon      of 
the    Evolution?.         The^ndi vidua]    values   ofKy   in    each    ser- 
ies   shoved  good   agreement      and   the  means  af   duplicate 
series     checked  each   othey^  in   genera],    within      1   p.-r   cent. 
The      a^r'iement   of   valuep    for  K^    v;as,of   course,    th»    same. 
The   value   for  K^   increases   gradually   from  N/4  to   i:/64 
solutions,  as   voul  d  "be    expected  from   the   results   of 
ITirdlinger   and  Rogers. 

Conductivity  m'^asurements  of    solutions   of    so- 
dium.  1-pheny] -5-thiourazol  e  h-=ivin^   the   concentrations 
used  in   this   work   rere  made  by  Dr.    H. C. Robertson ,    Jr. 
From  these   values^/,    the   ionic   concentration,    and(l-jC"), 
the  molecular   co-ncentration ,    were   calculated. 

The   values  obtained   for  Kn,  £,    and    (1-  L  )    were 
substituted    in    the   equations 

\^    =  Ki  Xi  +  y^i^.  Xt), 

Kn  2     =   Ki  £2  +   K^d-    X2);etc., 
and    the   resulting   equations    solved   simultaneously    for  K^ 
and  K^^.        Each    equation    v-^r    compared   v.ith    every   other   to 
obtain    ^.r  m.any   individual     values    ar  posribte.         Th"   vpI- 
uee   obtained   for  K_^    vary   from  ^.42?   tc(»-^i'3'and   those    for 
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K^   from    0.125   t.oC.  I^^Tho  mean   v?.]u'?f   obtained  were:- 

Ki  .    0.447       Kjp_  =    0.151  Thie   gives   the 

y  of 

rntio        i        =    j.43      ^    that   in    the    aniore  ^  eodiurr.   1- 

pheny] -3-thiour?.zo]  e   r»-iHct3.43     time?   ae   rapid]^  vith 

ethy]    iodide   as    do    th*?  moyecu]  ee.        Nirdlinger   nnd 

Rogere   obtained   the    value?  Ki   =   0.435,    Km  =    0.I7,    and 

v. 

r^     =2.5.        It   ie    seen   th^t   these  values     agree  fair- 
ly  clopely  vith   those  obtained   in   the  present   irveeti- 
gation.        The      discrepr.ncy   ie     probably   due   to    the   dif- 
ferent method   of     preparing   solution?  of    Bodiurr.    1-phenyl 
-3-thicura20l e.        In  making  up    eolutions   they  used      cryr- 
tallized   eodiuTTi    1-phenyl -5- thiourazol  e  which   containstvo 
moleculea,    cr   20.0?  per   cent,    of  v/ater  of   cryrtal  1  ization. 
In    the  present    work,    as   i?    described  more    fully  in    the 
experimental    part,    the   sodium   salt   v/ae   obtained  by   treat- 
ing weighed   quantities  of    1-phenyl -5-thioura2ol e  with   the 
calculated   quantity  of    carefully   standardized   sodium.   etlTyl- 
ate   in   absolute   alcohol.  Practically   anhydrous   solutions 

vere   then   obtained  while    thope  of  ITirdlinger   and  Rogers 
contained   considerable   quantities  of   water,    especially 
in    the  more   concentrated    rolutions.        V.Tiether   this   differ- 
ence  in    the   values   obtained   is    due  wholly   to    the  presence 
of  water  will    be   investigated  in   the  near   future. 

The   question  of   the   relative    reaction   of   ions 
and  m.oleculee  has   furthermore  been   investigated  by  using 
sodium,  phenol  ate   and    sodium  ethyl  ate   with  methyl    and  •thyl" 
iodide,    ethyl    brom.ide   and  benz-    and   acet-imddo    esters. 
The   results   obtained   a^ree   closely   with    tho  fe      derived 


fro3i  thie  inveptig3.tion.         Good    conctants--    for  K^    and  K^ 
have  been    obtained   in    a]]    caeee.         In    eoine    tranefomHtlons 
the   ion    reacts  rr.E^ny   times    ae   rapidly      ae   th  e  mol  ecu!  e  , 
whereas   in    the   chemic^J    changee   of  imidoertere   the   reac- 
tion  ve3  ocitiee   of   the   ethylate  lone      and  mo3eculee   are 
nearly   equal.        The   value   of   the    conetante   obtained   for 
the   variou?    eubrtancee   are    {?iven   in   Table 

In    conclusion   it    can  be    srtated   that    all    tVie   re- 
sults  obtained  up   to    the  present    are   entirely  in  harmony 
with  the   theory   that   in    reactions  of   the   type  under   inves- 
tigation both   ions   .and  molecules   react    side  by   side,    each 
v.itii   their  own   characteristic   velocity. 
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EXPERIMKIITAL. 
Burett.ee. 
The   burfittep  ueed   in    thi?   work  were  made   by 
Greiner  with   an   accur-\cy   correrponding   to    the  Bureau 
of   StT.ndardp    epecif ications.         In   order    to    rivoid   tVie 
error   of     parallax   the  ^r'aduation   at      each   cubic    centi- 
meter was     continued   completely      around  the  burette   and 
the     other  divisions   v;ere  made   over  half    the   distance 
around.        The    tip   was  made   especially  long   and    f1  ender 
with   a  very   fine   opening.        The  burette   used      for  the 
titration   with   iodine   was    calibrated  vdth    especial    care. 
The   accuracy  of   graduation   was      carefully   determined  by 
measurement  with   a      cathetometer   and   found   to  be   quite 

uniform.        The    scale     wa!=   illuminated  by   a   sm.all    elec- 

1  amp 
trie  during    the  measurement.         In   this  m.anner      an   accu- 
racy of  0.01  mm. J  or   0.001    c.c.^wae  ordinarily  reached. 
The  burette     was   then    carefully   calibrated  by  welp:hing 
the   quantity  delivered  by   successive   ^  c.c.    portions. 
The    cathetom.eter   was  used   in  making   these   readings. 
In    all    cases    five  minutes   v.-as   allowed   for   drainage. 
In   the    calibration   an    accuracy   of   two   or   three   thous- 
andths  of      a  cubic    centimeter  was   ordinarily        obt-iined 
in    duplicate   readings.        In   the   calibrations   the   elec- 
tric  li«ht   v^as    again  used   to    illuminate   the    scale   and 
meniscus.  The   aver^^e   total    capacity  of   this     bu- 

rette  was    50.01    C.C.,    these   values  obtained  being 
50.013    C.C.,    50.011    c.c,    50.011    c.c.         In    checking  up 
th^    5    c.c.    portions    very   good   agreement    was      fonned. 
The  maximum,    error   from  5   c.c.    was   lO.CJI.        The  method 
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of   ca3ibra.tlon   uped,      tho    slow  and   tedious,    gave   very 
satip- fJttory   repu3te.        The    second  burette,    vhich   wap 
used   for      the   t}ilo?>u]phate    soDutione   and    for   acid,    was 
calibrated     by    the   eye   and    found    to   be   very    'tccurate, 
tho    Bomewhat   inferior   to    the  burette   ueed  for   iodine. 
Other  AE:par3.tu^. 

The   other  pieces      of   apparatus  u?ed   in   this 
work,    flasks,   pipettes,    etc.,  v^ere   carefully    calibrated. 
The   al  kyl    halide   wap  measured  out   by     means   of   a  spe- 
cial   form  of  pipette   designed   to     prevent    the   evapora- 
tion of  easily  volatile   substances.        This  pipette   is 
described  by  Robertson.  The      constant    temperature 

bath  v.as  regulated  very  carefully  at  2^°.  The  con- 
struction and  J.se  of  this  bath  ar<^  described  by 
Rcbertson. 

Preparation  p_f_  1-Phenyl  -^^-thiourazol  e. 

The    1 -phenyl -3- thiourazole  used  in  this   work 

o 
was  prepared  by   the  method  of  Acree. '"        1 -Phenyl -5- thio* 

semicarbazi  ?.e   was  m.ar'.e  by  heating  phenylhydrazlne ,    amjno- 

nium  thiocysr.ate   and  drjfciydro chloric   acid   in   absolute 

alcohol    several    hours.        The    crude  product  was   filtered 

off,  v/ashed   with   a  little    aJ  cohol    and   then   lixivated 

thoroughly   with   vater   to   remove   completely   the   amjnoniur. 

chloride   and   other    salts.      It   was   then    recrystal  1  i  ze  i 


1  .Dissertation,    BaltimoB,    I9IO. 
2.Ber.    d.d.    Chem.    Ges.,  ^,5151. 
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from   -Ocoho;,    when   it  melted    it    198"  with   decompo  rdtion. 
Th«*    1-pheny] -3-thio    seriicarhazide   war    cryrta]  ]  ized   once  • 
ffom   n.]coho3,      finely  pulverized   and    pifted,    and  boiled 
in    acetone   with   slightly  more   tl-ian   one  molecular    equiva- 
lent  of   chlor    ethyl    c^rlDonate.        The    l-carhethoxy- 1- 
phenyl -3-thiOF.emicarbazide    so  formed  soon  precipitated 

from  the   acetone;;    wh'^n       once   crystallized   from  alcohol 

"/a  8 
it  melted  with   decomposition   at    221.5^.        This    este-j^ sa- 
ponified when   v/armed   carefully  with  potaesium  hydroxide, 
and  converted  into    the     corresponding    l-pctaeciuirv-^artoxy- 
1  ate    1-phenyl -5-thioeemi~carbazide.         1-Phenyl -3-thioura- 
zole  was   obtained   from   this     by      treatment   v;ith  hydro- 
chloric   acid,    the     /-carboxyl  iq^  phenyl->thioCsem.icarbazlde 
splitting  out    spontaneously  a  molecule  of  water   and    form- 
ing the      thiourazole   ring.        The   crude    1 -phenyl -J-thioura- 
zole   was   washed,      dissolved  in      dilute  potassium,  hydrox- 
ide  in   the   cold  and  reprecipitated  by          hydrochloric   or 
sulphuric   acid,    filtered  off,    washed   carefully  with  watey. 
then   dried   firpt   on    a  clay  plate   and   then   iv   vacuo   over 
H2SO4.        It  melted   at    I9O0.        By   this  method  the  thio- 
urazole was  not    obtained  pure.        It   was    contam.inated 
probably   vlth   the   dieulphide  which   it    readily   forms. 
ViTaen   firpt  precipitated   the   thiourazole   is   white,  but    it 
quickly   acquires   a  yellow  tint.        Recry stal 1 ization   from 
all    t'ecomjn.on    solvents    doejr  not    seem,   to    effect      any  puri- 
fication.        In   alcohol    solution   the   disulphide      is    formed 
quite    rapidly.        Each   pam.pl  e   of   thiourazole  m.ade  was   anal- 
lyzed   and    the  percentage  of  pure   thiourazole    determ.ined. 


In  rAaking  up    eolutions   the   veight   of   this   urnzo3e   corre- 
eponding  to    the   required  amourt   of  pur-e   wuhpfance  was 
ueed.        The   thiourazo3e  prepared   In    th«    couree  of   this 
invertigation  vnrled   In  purity   from   94.  ,   per    c^nt    to 
93. ?  per   cent. 

i^ethod   of   An a]^' e i  p_._ 
To   determine   the  purity  of  any    sam.p]  e  of   the 
1-pheny3 -5-thiourazo3 e    about    200  mgQof   the    dry   substance 
was   weighed  out^  dioso]  ved   in    a3  coho]    and   titrated      with 
Bodium  hydroxide  by  using  pheno3phtha3  ein   as   indicator. 
Two  hundred   c.c    of  water   and   about   5   c.c.    of   a   1   p*r 
cent    filtered   starch   solution   v/e^e  now  added.        The   solu- 
tion w-.s   titrated   with   a   standard   solution   of   iodine   in 
potassium   iodide  until    a  distinct  blue    color,   permanent 
for    several    seconds,    was   obtained.        The    color   fades 
quite   r?pidljr   and   a  little  practice   is   necessary   to   ob- 
tain  consistent   results.        But   with   some  practice   the 
method   is   very    satisfactory.        Much  more    starch   is   re- 
quired  than   in    the   ordinary   thio  sulphatesLc  ^ine  or   other 
clear    solutions,  ^s   the  preciy^i tate   of   disul- 

phide   obscur-3i.-   the   color    somewhat.         Calculations   were 
made  on   the  basis  of   the   following  reactione:- 

2C8H6N30SlIa  +   10  =   C  ^^fi^^i; ^02^2+ 211  a.1 . 
In   other   words   one    atom  of  iodine   is    equivalent   to    one 
m.oiecule   of    1-phenyl -5-'thiourazol  e.        The   iodine   solu- 
tion  was   titrated   against    sodium   thiosulphate   solution 
which  had   been    standardized   against   weighed  portions   of 
pure    iodine.        The      iodine   used    for  standardizations   was 
sublimed  once    fcom.  pctapsium  icdide   and   then   resutllmed. 


In  making  up    rolutione   chenica]]y  pure   reeubJimed  iodine 
was  ueed. 

Preparation  of  Abeolute  A3coho3. 
The   abpolute   ethy]    a]  coho]    ueed   In  making  up 
thiourazole   and   alkyl    halide   eolutions   v.-b.s  prepared  by 
bolMng  ordinary   95  per   cent    alcohol    vith   lime    2-6   days, 
diPtillinA-,   boiling   the   distillate  vrith   fresh   lime    f-v- 
eral    days   longer   and   distilling   thR   alcohol    into      a  bottlB 
carefully  protected  from  the  moisture  of   the   air   through- 
out  the  process.        During  the   treatment   T/ith  lime   the   al- 
cohol   often  boiled  up   through    the    condenser  unless   the 
apparatus   v.as    carefully  watched.        This   difficulty   was 
overcome  by  running  a   small    lead  pipe   through   tT«.o  holes 
in   the   stopper  in   such   a  way   that    a   small    coil    was   form- 
ed just  belcw  the    stopper   and  inside   the   flask.        V/Tien 
wafer   v;as  run   through  thi  r  lead   coil    it  proved    a  very 
effective    condensing      agent    and    scarcely    any   alcohol    was 
seen   dropping    from   the     bottom     of    the    condenser   even 
during  rapid  boiling. 

Ethyl    Iodide. 

Crude    ethyl    iodide   was   distilled   from  phos- 
phoriuf      oentoxide    -^nd   very   carefully   fractionated   by 
using   a   calibrated  thermometer  of   great    accuracy. 
A   fraction   was   obtained  boiling  72.42°   -72.44°   at   760mms. 
and  this  was  used   in    the   work. 

Preparation      of  Solutions. 

In  m.aJcing  up    a   solution   of   ethyl    iodide   0.1 
per    cent    excess    was   used   in    all       cases.         The    required 
amount   was    calculated    3^d    the    corresponding  volume   intro- 
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duced  v/as   apcertained  by   veiching.  The  f]isk   vae  placed 
in   the   25"  bath   and   allowed   to    come  to    constant    temper- 
ature  and   alcohol    was   added   to    give  the   required   volurr.e 
correeponding   to   the      v/eight   of   the  ethyl    iodide.        To 

make   the   urazole    eal  t    a   eolution   of    sodium   ethyl  ate   wap 

Dodium 
prepared  by  dieeolving     metallic^in   cold   absolute   alco- 
hol.       Thle   v-'ae  made  up   in    such   a   strength   th  ^t   when    25 
CO.    or   50   c.c.    were  placed   in      a    100   c.c.    flask,    only 
a   few   c.c.    of   alcohol    h'-d   to   be   added   above   the  mark   to 
s'^cure   the   desired  normality.  The   exact   concentra- 

tion  Was    ietermined   oy  titration    /dth  llA  HC3    and  methyl 
orange.        The  v-eight  01"   1 -phenyl -5-thiourazol  e   correspond- 
ing  to    the   required     normality      in    this   volume  was    calcu- 
lated.       This   quantity:  was   divided  by   the  per   cent   of 
putity   of   the    sample   of  urazole   at  hand,    and  this    quanti- 
ty,  plus   0.5  nig.    allowed    for  loss   in   transferring,    was 
weighed  out    and   added  to    a    100   c.c.    flask  by  m.eans   of 
glazed  paper   and   a   cajnel  '  s  hair   brush.         Then   25   c.c. 

or   50   c.c,    as   the      case  might   be,      of   the    ethyl  ate   solu- 

were   introduced   ijnd   alcohol 
tion^was   added  nearly  to    the  mark.        After   the   solutions 

had   come   to    25«*      alcohol    was    added  tc   m.ake      the   required 
volume.        As  m.entioned   above  urazole    solutions  were  made 
up   on    the  basis   of   the  pure    substance.         It   was   thouprht 
that    the   imputlty  present,    probably      lari.:ely   the   corre- 
sponding disulphide,  woul  d   not    interf-^re      vith   the   reac- 
tion,   and    such   was    found   to   be   the   caee^ as   good  BgrFe- 
nent   was  found  in    the    constants   obtsined   when  urazole   of  i 
different  purity  was  used   in   the  ^ireparation   of   the    solu- 
tions. 
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Procedure   In  Running  a  Series. 
After    the    ro]utione  hid  been  rmde   up    to    the 
required   concentr-ition    10   c.c.    portions   of   the  urHzo3e 
solution   v/ere   introduced  by  mesjns  of   a  pipette   into 
emaJ]    flasks,    which   vere    closed   with   corks   and  placed 
in   the   25°  bath.        At    the   same      time   tv.'o^c.c.    portions 
v.-ere  pipetted     into   beakers,    treated  with   200  c.c.    of 
water   and  about    5   c.c.    of    starch   solution,      and  titrat- 
ed with   the    standard   iodine    polutions.         The  mean  of   the 
two      titrations   were   t^ken      as   th**  value   A,    the  initial 
concentration   of   the  urazole.        In  other   words   the    con- 
centrations  of    the   reacting   substances   a-e   expressed  In 
cubic    centimeters  of  iodine      solutions.        Far  the  higher 
concentrations    a  ll/lO  iodine    solution   r^s   used  and   for 
the  most   dilute  l'/20   and  IT/50   solutions   were  used. 
Y/hen   the   temper  iture        or  the  urazole    solution   in   the 
flasks  had   reached   25°,    10   c.c.    portions  of     the   ethyl 
iodide   solutions   v-ere   introduced  by  means  of   the  spec- 
ial   pipette.        The   tim.e  when  half  of   the    solution  had 
been   introduced  was    taken      as   the  beginning  of   the   re- 
action.       Each   tube   v.-as    fill-^d  by   this   -nethod,    shaken 
reveral    tim.es   and   replaced   in    the   bath    as   quickly   as 
possible,    the   tim.e  bein*;  noted.        After    suitable   inter- 
vals   aft  or    the   time   01    fill  in-,    the    tubes  were   removed 
from     the  bath   and  poured   into    200   c.c.    cf   ^ater,    the 
solutions   a  ihering   to      t}ie   tube  '^nd    cork  being   care- 
fully  rashed    into    the   heaker-.         Sta-ch   was    added    and 
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the   solution   titrated   with   the      iodine    solution   uped   to 

determine  A.        The   nur.her   of   c.c.    required  is  A-x. 

It    Tn-as  popsih]  •->  to    determine    the   end  point    very   iccu- 

r-ately   if    sufficient    str^rch   vr^e  ueed.         Generally    pix 

the 
tutee   were  ueed   fcr   erxchrur     and   time  periods  were    10, 

20,50,45,60,7!?  minutee.        The    polutions   used  in    this 

work     had  the   followine;  concentrations   after  mixture: 

Sodium    1-phenyl-         '    _1I__     H          H  _1I_  _1]L_  JI 

5-thioura70le       :-             4     ~3~,  TT"  32  52  ^4 

+        +          +          +  +          + 

Ethyl   iodide:-                _U_     N          N         U  Ji_       IJ 

4    "T"  T5"  T"  52  "3" 

In  the  H/52  and  N/64  eolutione  lJ/4  ethyl    iodide  was  used 
to   increase   the    speed  of   the   rep.ctions    and   to      secure 

greater    accuracy.         In    such   cases   the  large   excess      of 
H  thyl  io  iide   interfered  ^ith   the   indicator,  the   end 
point    bein(;    chovm^    not   by   a  "blue   color  hut   by   a   slight 
pink   color. 

In   the   loiter   concentrations   clear   solutions 
were   obtained   when    the  urazol  e  was   dissolved  by  the 
FOdium   ethyl  ate  but    in   the  !l/2   and   N/4   solutions    a   fine 
yell  cv//in sol  ubl  e    substance,   probably   the   di sulphide,    was 
noticed.        This   did   not  seem   to    intprfere,   however,    v/ith 
fehe   course   of   the  reaction. 

Cal cul atione. 

V^hen   equal    mol-^cular   quantities    are  used    the 
equation      for   the    velocity   constant   is 
Kv   =  AK   .   ^  -j^  rhen 

T   is   the   time   of   the    re-^.ction, 

X   is    the    tcncunt    of   urazol"    rait    changed   in    the    tirre   T, 
and   A-x   is    the   amount    at    the    end   of    the    tir.e   T. 
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Wien   the   amount  e  of  urnzo]  e   and   a]  kyl    ha]  lie  are  not 

equiinc]  ^cul  9.r   the   following  equations  mupt   be  ueed: 

K,r=       .    ^    r—  -!—     3  og     -ALP "A.) —  v.hen 

V        (3_a)    0. 454-3  T  BTX-x) 

A  is  the  inltia]  concentr-^.tion  of  the  urazole  ea]t, 
B  is  the  initia3  concentrn.tion  of  the  a]  ky]  haliie, 
A-x  is    the        concentrr.tion  jf   the  urazo]  e   salt    at 

the   tine  T,    B-x  is    the    concentration   of    the   alky]    halide 
at    the   time  T,    T    is    the   dur-^i.tion  of   the    reaction,    and 
0.4343   is   the   constant   used   to    change  Brig^sian   logar- 
i  ti-uns   to      natura]      logarithms. 

The   values   of  Ky  are  multiplied  by  V,    the   vol- 
ume  containing   a  gram  molecule   of   the    sodium  urazole,    ^nd 
the   values   of  I^    corresponding   to   different    values   of  .C 
are   thus   obtained    as   illustrated   in   Table      XI. 
When    the  numbers   representing  K^ ,     JJ    ,    and    (l-iJ  )    are 
inserted   in    the    equations :- 

Knl        =  Ki<C  1    +  Iv.    (1-J^J). 

Kn2       =  Kij:2   +   Km    (1-  iJ2)'     -^-°•• 

and   these   equations    are    rolved   sim.ul  taneously    fo^  Ki    and 

Kpi  fie    secure   the    very   good   constants   given   in   Table    Xlll. 
This   gives  us,    then,    excellent    evidence   that   both   the 
urazole   anions   and   the   non-ionized   sodium,  u^-azole    salt 
are    concerned  in   the    reaction. 

When   the   average   values   of  Kj_    and  lOji,    ^nd   the 
different    values   of  Jj-j,     Ij^'    ''^c  .    are    substituted   in   the 
preceding   equations    "-e   o'ritained    "r^al  cul  ated "    values   of 
Kp  'f&iich   are    compared  in   Table  XIV    with      the    •♦found" 
values   of     K^,.        These   are   seen    to    agree   very   closely, 
the   experimental    error   averaging  less   than    1   per   cert. 
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Table   I. 
0.2511   Sodiurn    l-Phenyl -3-thioar-=>2o]  e     -xnd 
O.251I  Ethy]    lortide   at    25". 
A  =   52.36 

A-x  X  K^ 

55.79  19.07  0.0564 


20  24.49  23.37  0.0579 

45         15.09       ?7.57     ^'^lii 
60  12.09        -^o.??      o-o?62 

75  10.20  42.66  0.0^53     . 

Average  Ky  =      0.0^64 

Kn  =     0.226 


Ta"b3e   II. 
0.25  N   Sodium   1 -Phenyl -5-thiourazo] e. 
0.25  N  Ethyl    Iodide   at   25°. 
A  =    52.51 


10 
20 
30 
50 
60 


A-x  X  Ky 

55.55  18.98  0.0566 

24.51  23.00  0.0571 

19.24  53.27  0.0576 

17.  75  53.73  0.0565 

12.02  40.49  0.0561 

Average  K^  =  0.0563 

Kn=  0.227 


10 
20 
30 

45 

6o 
90 


19" 


Table   m. 
0.125  N   Solum    1-Pheny]-3-thiourizo]e     md 
0.125  -  Ethyl    Iodide    at,    050, 
A   =    26.30 

A-x  X  Kv 


19.98 

^^.32 

0.03163 

16.02 

10.23 

0.05203 

13.57 

12.93 

0.05224 

10.76 

15.54 

0.03209 

9.00 

17.50 

0.03204 

6.76 

19.54 

0.05212 

Averr^,fee 

Kv  - 

0.03203 

Kn  = 

0.256 

Table  IV. 
0.125  N   Sodium   1-Phenyl -5-thiourazol e    and 
0.125  N  Ethyl    Iodide,    at    25°. 
A  =    26.50 

A-x  X  Kv 


10  19.98 

19.33  16.10 

30  13.40 

40  11 . 55 

50  10.21 

60  9.09 


0.52 

0.03263 

10.40 

0.03257 

15.10 

0.05259 

14.95 

0.03236 

16.29 

0.05191 

17.41 

0.05192 

Average  Ky  = 

=  0.05235 

Kn  =   0.?59 
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Table   V. 
0.0625  N   Sodium    1 -Phenyl -3- thlourazo] e  and 

0.0625  N  Ethy]    Iodide      at    25°. 
A  =    15.26 

A-X  X  Ky 


10 

11.19 

2.07 

0.01350 

20 

9.71 

3.55 

0.01323 

30 

3.58 

4.63 

0.01813 

45 

7.36 

5.90 
S.86 

0.01731 

60 

6.40 

0.01774 

75 

5.69 

7.57 

0,01778 

90 

5.10 

3.16 

Average  Ky    = 

0.0180^  ' 

Kn   = 

0.28^ 

Table  VI. 
0.0625  N  Sodium   l-?heny] -3-tUiourazole  and 
0.0625  N  Ethyl    Iodide   at   25«. 

A  =    13.26 
A-x 


10 

11.24 

20 

9.72 

30 

3.53 

•^5 

7.29 

60 

6.35 

75 

5.S1 

X 

^T 

2.02 

0.01797 

3-54 

0.01821 

4.63 

0.01313 

5.97 

0.01320 

6.91 

0.01314 

7.65 

0.01818 

Av< 

2rai3;e 

Kv    = 

:         0.01815 

^n   = 

:         0.290 

T 
10 
20 

30 

6o 
75 
90 


10 
20 

30 

40 

?o 
60 


Table  VII. 

0.03125  1;   Soii'om    1-Pheny] -3-thiourazo3  e     and 
0.05125  W  Ethy]    Iodide    at    25". 
A  =    6.64 


A-x 

X 

Kv 

6.04 

0.  60 

0.00995 

5.56 

1.03 

0.00971 

5.11 

1.53 

0.00993 

4,60 

2.C4 

0.00986 

4.  19 

2.45 

0.00975 

5.39 

2.75 

0.00943 
0.00958 

5.b0 

5.04 

Average 

Kv  = 

0.00972 

Kn  = 

0.311 

TalDle  VIII. 
0.03125  K   Sodium   1-Pheny] -3--thiourazo3  e    and 
0.125  W  Ethy]    Iodide   at    25«. 


A  =  20.16 

B 

= 

80.64 

A-x 

B-x 

X 

Kv 

15.01 
9.76 
6.91 
5.01 
3.55 
2.72 

74.24 
70.24 

66.59 
64.49 
65.05 
62.20 

6.55 
10.40 
15.25 
15.15 
16.61 
17.44 

0.00988 
0.00979 
0.00974 
0.00974 
0.009^4 
0.009o3 

Ave: 

ra^re 

K^, 

r=0. 00930 

Kn=0.314 
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Table   IX. 
0.  01^)625  II   Sodium    1-Pheny] -3-thioiirazo]  e    and 
0.125  il  Ethy]    Iodide   at   2^<>. 


A  = 

9.31 

B  = 

73 

.48 

T 

A-x 

B-x 

X 

Kv 

10 

6.49 

75.16 

3.32 

0.00528 

20 

4.57 

73.04 

5.44 

0.00526 

30 

2.95 

71.60 

6.33 

0.00532 

40 

2.00 

70.67 

7.81 

3.33 

0. 00^31 

50 

1.43 

70. 10 

0.0)513 

60 

1.05 

69.70 

3.73 

Q'QQ503 

Average  Ky   =■   0.00^24 
K«  =   0.335 


Tab3e  X. 
0.015625  N   Sodium   l-Pheny] -5-thiourazo3 e     and 
0.125  N.   Ethy]    lo-dide   at   25°. 


A  =  14.42 

B  =  115.36 

T 

A-x 

B-x 

X 

Kv 

10 

9.54 

110.48 

4.88 

O.CO523 

20 

6.40 

107.34 

8.02 

0.00529 

30 

4.52 

105.26 

10.10 

0.00530 

45 

2.50 

103.44 

11.92 

0.00522 

60 

1.47 

102.41 

12.95 

0.00515 

75 

0.90 

1 0 1 . 34 

13-52 

(  0.00611) 

Average 

Kn 

=   0.00525 
=   0.336 
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Tnhle   XI. 

K^r  ani  K,V^or   Codium    1-Ph^ny] -3-thiourn,zo]  e    and  Ethy]    Iodide 
at    250. 

0.056^  ^'''  "^ 
0.05203)  .  > 
0.03253) 

o.oi3o; 

0.0131! 


V 

4 
4 

8 
8 
16 
16 
32 
32 
64 
64 


-0.05218 
-0.01309 


0.2575 
0.239 


0.0097^ 

^  to. 00976 
0.00980) 


0.0052^ 
0.00525) 


.005245 


0.5125 
0.5355 


?4- 


Tnb]e      XII. 
Ionization   of  Sodium    1-Pheny] -3-t.hiourazo]  e    at    25®. 


4 

3 

16 

32 

64 


59.0  i^'^ 
49.5  -^v-^ 
56.6 


70.. 
61.0 

50.5 
45.4 


Table  XIII, 


Ki    and  K^   '^or   Sodium   1-Pheny] -3-thio-arazol  e    and  2thy]    Iodide 
at    25°. 


V  =  4  :  V  =  a 

V  =   4    :  V   =  16 

V  =   4   :  V  =  52 

V  =  3  :  V  =  16 

V  =   a    :  V  =  32 

V  =  16:  V  =  52 


Mean 


0.452 
O.-.50 
0.455 
0.446 
0.427 
0-450 

0 .  447 


0.131 
0.132 

0.  131 

0.135 

0. 151 

0 .  131 

5.43 
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Tab]e    XIV. 

'Kp    iound"   and    "Kn    ca]cu3nted"    for   Sodiurn  l-Phiny] -5-thicurazo3e 
and  Ethy]    Iodide   at    25°. 

V                                                        Kn    calculated  Kn    found 

4                                                             0.2253  0.2265 

8                                                   0.2583  0.2575 

16                                                   o.?875  0.2890 

32                                          0.3099  0.3125 


On   the  next  page   ie    i^iven   a   set    of   curves    ehowin-:,   the 
values   of     Kn   at    the   different    concentrations    studied 
by  Nirdlinger   andRo^ers,    and   the   valuer,  of  K^   obtained 
by  Chandler.        It   is    seen   that    thee-^   two    curves    are 
not    identical,    althouf^h   they   are    very   close   together. 
This   is   accounted   for  by   the    fact    that    the    solutions 
worked  with  by  llirdlinp:er   and  Rogers      contained    v;ater 
which  varied   in    arount    frorr.   0.I5  P'^r    cent    to    1.2  per 
cent.        A   correction   will    be  made    f  or  thi  s  later. 
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In    th"?   fo3]ov.'inr;   tn'ol'^B    ir<j  preF'?nt*>d    th'?   r^pul  te   on- 
♦".ain-sd   wh-^n    Fodiu'^   iodi^ie   1p    Tdded   to   IT/64   -^nd  II/32         ,, 
eciiuii.    1-pheny] -'-thiourizoT  e   and   ethyl    iodide.        The   *- 
T.^TiBioiw   of    the   re-^.ction   veDocity   ie    v^yy   cloee   to    thT.t 
CT.3cuiated   on    the   appuinption    that    the   decrease   1p    due 
chiefly   to    the   chant^e   in    the   ionization   of   the    sodium 
urazc]  e  produced  hy   +he    added   eodi'j.T.  iodide.        This 
change   in   ionization  has  been    cal  cul  ated  on    the  basis 
of  the  Arrhenias'    theory  of   isohydric    eoluticre. 


Tab]  e  xv.     ' 

0.015625  II   Sollujn    l-Ph'-ny] -3-thiour^.zo]  e,0.  125  :i  EtViy]  lodiie   and 

0.015625  IJ   Sodium  Iodide   at    2^°. 

A  =   7.53  B   =    60.64 

T              .  A-x           X           E-x  K-, 

10              5.17       2.41        53.23  0.(504337 

20               5-56        4.02         56.62  0.004907 

50                2.50        5.03         57.56  0.005054 

'^O             1.73       5.38        58.76  0.005062 

50                                          1-29                      6.29                        59.55  0.004';(93 

CO                                 0.93                 6.65                   59.71  0.004J5'-> 

Average  YL^  =    O.4975 

Kn  -   0.313 


T  ab]  e      X'v''I . 
0.015625  II  Sodium    1-Pheny]-3-thioarazo]e,0.  125  i:  Ethy]    Iodide   and 
0.015625  II  Sodiom  Iodide    at    25°. 
A  =   7.50 
T  A-x 

10  5.17 

20  3.56 

50  2.50 

40  1.73 

50  1 . 29 

60  0.93 


B  =  60.00 

X 

B-x 

Ky 

2.53 

57.67 

0.00475 

3.94 

56.06 

0.00434 

5.00 

55.00 

0.00432 

5.72 

54.23 

0.00478 

5.21 

54.79 

0.CC477 

6.57 

53.43 

0.00469 
.  0.00473 

Avera^^e 

KV  : 

^^n  = 

=  0.506 

Tnble       X\'I1. 

0.01562^  II   Soiiar.    l-Ph'jny] -3-thiour-izo]  e ,  0.  125  N  Et.hy]    Iodide    and 

0.015625  li   Sodium  Iodide   at    25°. 

A  =   7.50  B   =  60.00 

T  A-x  X  B-x  Ky 

10  5.10        2.40      57.60  0.004927 

20  5.50        4.00      56.00  0. 004951 

50  2.47       5.05     54-.  97        0.004375 

40  1.73       5-77  5^-^-5  0.004377 

50  1.27       6.23     53.77        0.004765 

Average  Ky=0. 00483 
K„=0.512 


Tab]e   XVIII. 
0 1 S'  U,  ;- 
0.03125  1^   Sodium    l-Pheny3-3-yhiourazo]e,  0.125  N  Sthyl    Iodide    and 

0.09375  IT   Sodium  Iodide. 

B  =   59.63 

x                                B-x  Ky 

2.22         57.46  0.004505 

3.76         55.92  0.004542 

4.75         54-.  93  0.004427 

5.45         54.23  0.004342 

6.00       53- o3  0.004353 

6.30         53.32  0.004290 

Average  Ky  =    0.004411 

K„  =    0.232 


A  - 

=  7.45 

T 

A-X 

10 

5. 

24 

20 

3. 

70 

30 

2. 

71 

^0 

2. 

01 

50 

1. 

46 

60 

1. 

10 

^       ^  T-^ble      .XIX. 
0.05125  N   Sodum    1-Pheny]-3-thioar'^zo]  e,0.  125  II  Ethyl    Iodide    and 
0.09375  II  Sodium  Iodide. 

A  =  7.4c  B  =  59,63 

T                                  A-x  V 

10                       5.20  2.26 

20                         ^:i.il,  5.71 

30                     2.70  4.76 

^0                        1.97  5.49 

50                         1.45  6.01 

60                     1.07  6.59 

70                         0.31  6.55 


B-x 

Kv 

57-42 

55.97 
54.92 

0.00453 
0.00445 
0.00444 

54.19 
53.67 
53.29 
53.03 

0.00441 
0.00453 
0.00455 
0.00429 

Average 

Ky= 

0.00441 

Kn-= 

0.282 

^-0 


Table    XX. 
II   Sodi-x-n    1-Pheny3-5-thioui"izo3e,0.  125  :i  Ethy]    Iodide    and 


0.05125 

11  Sodi-x-n  1' 

0.05125 

1:  Sodi-xn  l0( 

A  =  15.09 

T 

A-x 

10 

10.77 

20 

7.83 

30 

5.70 

40 

4.27 

50 

5.17 

00 

2.  40 

70 

1.35 

-^.52 
7.21 

9.30 

10.32 
11.92 
12.69 
15.26 


B  =  60 

.36 

B-x 

Y.^T 

56.04 

0.00677 

53.15 

(0.00374) 

50.97 

0.00394 
O.OO3S7 

49.54 

48.44 

0.00394 

47.67 

0.00 -.90 

47.  10 

0.00334 

iverage 

Kt  = 

0.00335 

Kn  -■' 

0.235 

-  ,C  r-e.  - 
Tab]  -    ^>.'I 

0.03125  II   Sodium    1-Pheny]-3-+hioan2o]e,    0.125  -^  Ethy]    Iodide   ^vi 
0.03125  J   Sorliuju  Iodide   at    250. 


A  -  15.04 

B  =  60. 16 

T 

A-x 

X 

B-x 

K7 

10 

10.71 

•^.53 

^;5.33 

0.00335 

20 

7.73 

7.31 

52.35 

0.00393 

30 

5-75 

9.29 

50.37 
49.3^ 

0.00332 

40 

4.26 

10.73 

O.C0337 

50 

5.19 

11.35 

43.31 

0.00338 

60 

2.44 

12.60 

47.50 

_  _-Mg372_ 

Kn      -   0.233 


Reactions   Invo3vin;3  Both  Ions    and  Mol'^'culee. 


Substances        Temperature 

Ki 

\. 

^i:  y^m 

C6H  5011a  and 
OH  3! 

25° 

0.0282 

0.00474 

5^35 

C^Ii  50:1a  and 
CH3I 

55^ 

0.091 

0.0135 

6.74 

C^cO:ia   and 

250 

0. 127 

0.0594- 

2.13 

C2K501Ia   and 
C2H5I 

250 

0.0120 

0.00427 

2.31 

CpHcrOIIa  and 

250 

0.005760 

0.00233 

2.41 

C2H501Ja   and 
C6H5CK 

250 

0. 1143 

0.1003 

1.  14 

C^H^ONa  and 

250 

0.544 

0.223 

1.51 

C3H6lT30SlIa   and        25" 
C2H5I    (Ilirdlinger 
and  Rogers) 

0.43 

0.17 

2.5 

C3H6HzOSlIa  and        25°  0.447  0.I3I  ^.4 

CjH  51    (Chandler) 


II.  A   STUDY   Oi<'    1  ,4-DIPHElIYL-tj-THIOURAZOLE. 

1,    4-Dipheny] -5-thioura55o]  e   wap   first   prepared 
1 
by    IJarckwa3d     from   2,4-ciipheny] -5-thio  temicsirbazide   and 

phosgene.         It    v;ap    supposed  by  hirn   to   be      a  5-thio    com- 
pound.       That    the    eu]phur   is   rea3]y   in  poeition    5.    wae 

■•> 
established  by   the   work   of  Bucch   ani  Ho]  zrnann      and 

5 
llirdl  ini-;er    and  Acree    .        Busch    ^ni   hi  =<    co-workers   found 

that   when    2,4-dipheny] -J-thiosemicarbazide   was   treated 
in    the   cold  with  phosgene   a   eubstance   r^as  obtained   which 
sielted   at    159°,   l^'-i^'   which,    when    heated   jupt   below  the 
melting  point   or   ^^len   recrystal  1  izated   from   alcohol,    very 
readily  rearranged  into    an   isomeric    compound   which  melt- 
ed  at    219°-3?2°.        This   latter   substance  was   found   to   be 
identical    with   the   compound  obtained  by  Maickwald. 
Busch  and  his    co-workers   thou.^ht    at    firet   th^t    the      low- 
er meltin^;   isom.er   is    1 ,4-diphenyl -p-thiol  uf  azol  e  ,?ormul  a 
(II),    and   the  higher  melting   i  somer  ,  1  ,  4-diphenyl -5-thio- 
urazol  e,?orm.ul  a    (l), 

C  .5H  5I ; L'H  C  6H  ^H  -*— II 

s=c  i=o  HS-cr^^ 

II    C6H5  !T   C6H5 

I.  II. 

These  two  isomeric  diphenyl -thiourazol  es  seem.ed  to  offer 
a  tjood  exam.p]  e  of  tautomerism  and  a  study  of  thesd  com- 
pounds  from   this  point   of   view  was   undertaken   by 

1 .    BeY."d\'^eVtTrChi57(ri's".7IirT0'/5'.''  " 

2       -er.    d.Deut.ehem.    Gen.^  ii,320. 

5*  lUrdllnK'^r's  Dissertation,    Bal  t im.ore  ,  1909  ,p    5-^- 


liird]in;,'er    T.ni  Acree    .         They   accepted   ''.t.   firrt    the    for- 
mulae  of  Bupch.        Their    repultp,    however,    ?oon   led   them 
to   the    conclueion   thr?,t    the  hi^h     melting  isomer   ip   cer- 
tp.inlyAthiol    acid.l'ormul  a   (ll)^?ni   the   low   melting   ieo- 
mer  probably   the   thiol*  acid,    formula    (I).    BuBch   later 

came   to    the    pam.e   conclueion. 

2 
The  problem  wae   then   taken   up  "by  Dr.    E.P.Doetech* 

He   studied   the   velocity   of   the   rearrangement   of      the 
sodiam    salt      of   the   thioft   acid  into    the   thiol    form   at    60," 
From  his   renulte  he   was  led  to   ho]  i  eve,    as        Mirdlinger 
and   Acree  had   aps'omed,    that    the   rearran,^em.Bnt    of   thiott 
into    a  thiol    salt    is     a  reversible   reaction.         One   experi  - 
m.ent    carried   out   by  him.   is   of    special    interest.        He   sapcvr- 
ified   the  methyl    ester   of    1 ,4-diphenyl -5-thiolurazol  e  , 
formula    (ill),    with  potassium,   sulphhydrate   and   obtained 
a   compound   th-t    first  .melted    at    141°,    then    solidified, 
and   then  m.elted   at    220    °,    and     which  he   the^^efore    sup- 
posed  to    be    the  thionacid,    form.ul  a    (l). 

IJ  C^Hi^IJ —  NH 

CH: 


'^^]~V||  C^HjN— -NH 

II   C6H^  s' 


III.  IV. 

In    1911  Busch   and  Limpacht     published   an   arti- 
cle  in   which   they  attacked   the  work  of  llirdlinger   and 
Acree.         They   claimed  that    the    substance   formed  vhen 


1.  Ilirdlinger,   Dissertation,   Baltimore,  1909,p    54. 

2.  Doetech,   Dissertation,    Ealtimofe,    I9II. 

3.  Eer.d.Deut.Chem.    Gee.    44,560. 


2,''l--dipheny3 -5-thio  eemicnrbazide   reacts   with   phoD^-ene   Ip 
not  dipheny] -thiour-izol  e    ,    f  ottu^  a    (l),    Vut  phenyl -ani]  I  do 
thiobiazo]  one,    formula   (IV).        Thip,    when   heated,    rear- 
ranges  into    dipheny] -thiol urazol e,    but,    according  to 
Buech    and  LimDacht ,    the   reverse   rearrangement    of^thiol- 

I  -'A 

urazol  e   intoathio^'hl  azol  on   does   not    take  place. 

The  main   problem  in    the  present    inventigation 
v.'ae   the  preparation   of    1 ,4-dipheny] -5- thiol  urazol  e   in 
the  pure    pt-^te   'r.-j   a  new  m.ethod.        Nirdlinger   and  Doetech 
had  never  obtained   this   compound  pure,    as   it   h':d   alwaye 
been  mixed  T^-ith   the   lower  m.elting  isomer.        The   experl- 
iT.ent   of  Doetech   in   rhich  he    saponified   the  m.ethyl    thlol- 
eeter   of    1 ,4-diphenyl -J-thiol  urazol  e   with  potassium, 
sulphhydrate   was   repeated   at    0".        A  com.pouni  was   obtain- 
ed  whicb    eho'»--ed  no    signs  of  m.elting   at    141°,    and   "hich 
melted    at    2l8°-219o.        After   recrystal  1 1  zation   from   alco- 
hol   it   melted   at    220.5-221.5'        This   experim.ent   was   re- 
peated   several    tim.es   and   in   no    case   was    a   compound  melt- 
ing  at    141°  obtained.        ^"hen    saponification   was   carried 
out   in    absolute   alcoholic    solution   the    result    was   the 
same.         Apparently   the  product    obtained  by   this   reaction 
is      quite  pure    1  ,4-diphenyl -5- thiol  urazol  e.        The     purity, 
however,    has  not   b-^en    determ.ined  by   analysis.        From   the 
method    of  preparation    no    thiobiazolon    would   be    expected 
to   be  present.         It  may  be   an    equilibrium  mi sture   of   a 
large  proportion   of    1^4-diphenyl -thiol  urnzol  e,    form.ul  a 
(II),    and   a    sm.al  1    proportion    of    1  , 4-diphenyl -5-thioura- 
Bole,    formula    (I).        This    question   and   that   of   the    struc- 
ture  of   the   lowpelting  product   obtained   from    2, 4-diphenyl 
-5-thiosemicarbazide   and  phor -'»-'>   "-ill    be   invesM 
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EXPERIMEIITAL. 

Thlocarbanl]  Ide. 

The   ordinary  method      for   the  preparation   of 
this   compound   by  he^itin;;;  iniline   and    carbon   disuJphide 
in    a3coho]ic    solution    with  potaP9iuiir>.  hydroxide   did   not 
give   very   good  yields.         The[improveTnent    discovered  by 
Hugdrshoff   and   described  by   Gattermann   was   then    tried     * 
and    found   to   be    entirely   satisfactory.         The     method 
consists   in   heitinrj   equal    parts    (100   grams)    of    aniline, 
carbon    disulphide   and    ?,1  cohol    with   a   sm.al  1    quantity 
(l    gram)    of   sulp}iur    five   or    six  hours.        V/hen    the   reac- 
tion •was    ccnplete,    th^.    e-'cess   of   alcohol    and   carbon 
disulphide   ras   evaporated.        IWater  was   added  to    the 
residue   and  the   crude   thiocarbanil  ide  was   filtered  off, 
washed  with    vater,    -^nd   dried   in    the   air.        The  yield 
was  practically   quantitative.        It   was    found   im.practi ca- 
ble  to    dry   the   thiocarbanil  ide   in    -^.n    air  bath    for   de- 
composition   took  place   even   at    110°.         The   air      dried 
product    v/as  used  without    further  purification    for    the 
prepar^tion   of      phenyl    mustard   oil  . 

Phenyl    Mustard  Oil . 

The  most    satisfactory  method   for   obtaining 

phenyl    mustard  oil    from      thiocarbanil  ide   was   found   to 

be   the   follo-ving:-      100   grams   of   water  was  placed     in 

neck 
a   1    liter  balloon   flaek  with   ft  long. and  miaed   with 


1.  Gattennann:    Die     Praxis   dee   Organischen   Chem.ikere, 
yth   edition,    p,  203. 

2.  Ber.    d  Deut.    Chem.    Ges.,    '2,2245. 
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100   ejrains   of    concen*,rn.ted   eu]phurlc    acid.        To    th-^  hot 
acid   was   added      100   jrsLms   of  thiocarbanil  ide    and   tlie 
f  ]  aek   was   then    arranged   for      steam   di  eti]  ]  atlon. 
The   fl  aek      containing   the   thiocarbani]  ide   war  heated   to 
hoiJing   and    pteam  ]  ed   in.         The   reaction   toc>:  •ol  ace   in   a 
very   few  moments   and  the  mustard   oil    distilled   over   in 
half   an  hour.         The    crude  mustard   oil    was    separated   from 
the   water,    washed   with   v/ater,    dried   with   calci-om   chloride, 
and   redistilled.        A  product  was  obtained  which  boiled   at 
217<'-2ia°.        About   40   grams   of   crude     phenyl    mustard   oil 
were   ordinarily   obtained   from    100   f:Tw.e   of   air—dried 
thiocarbanil  ide. 

2.4-Jiphenyl  -5-thio semi carbazide. 
This    compound  was  prepared  by   the     method   of 
Marckwald^  which   gave   quantitative  yields. 

A   cold  alcoholic    polution   of  phenyl    hydrazine   was   treat- 
ed with   a   cold   alcoholic    solution   of  phenyl    mustard   oil; 
the   resulting  product  v>'as   filtered  off,    washed  with   a 
little      cold   alcohol,    and   dried   in    the    air.        The   crude 
product  had   a  very   slight  pink   color,    and  melted    at   once 
when  plunged      into    a   sulphuric      bath  heated   to      157"- 
Owing   to    a   rearrangem.dnt    into    1 , 4-diphenyl -3-thioeem.i car- 
bazide  the  melting  point    cannot   be    determined   in    the 
usual    way.         Recrystal  1  ization    from  hot   benzene   did   not 
seem,  to    effect      any   further  purification. 


1.    Ber.d.Deut.    Chem.    Ges.,  2^,3 106. 

See.  llirdl  inger,    Dissertation,    Bal  timore  ,  1909  ,   p-^ge    50. 


-32- 

2.4-Dlpheny]  -.Vm-^thy]  thloJgQmlcn.r'bq.zlde . 

The  method    -iercrlbed  by  Busch   and     IIo]  zmann 
was  aped   for    the  preparation   of   the    compound.         The    crude 
diphenyl    thioseir.i  carbazide  wae   finely   ground   and  pasped 
through   a  lio.    6o    sieve.        A  weighed   amount   of    the    fine- 
ly  divided  product      rae   treated  with   the   theoretical 
quantity   of      a    10  per    cent      solution  of      alcoholic  potas- 
sium hydroxide  and    a   slight    excess   of  methyl    iodide,    and 
heated  gradually   with    conetant    shaking  until    a  clear   so- 
lution  7/as  obtained.         The  reaction  mixture   v;as   then   cool- 
ed  in    ice   and    rait.         The  precipitate  obtained    at   once 
was   largely  potassium   iodide.        After  long    standing   in 
ice   and   salt   the   desired   ester   crystallized  out.        The 
crude   ester   was   filtered   off,    v^ashed  with   a  little   very 
cold    alcohol,    then   with   water   to    remove   the  potassium 
iodide,    and   then   recryatal  1  ized   from   alcohol.         The  puri- 
fied  ester  had   only    ^,  very   faint   pinl:   color   and  m.elted 
at   75«5°-76*'.        Fifty   grams   of    1 ,  4-diphenyl -3-thiopemi- 
carbazide   gave  32  grams   of    the  methyl    ester.         The   addi- 
tion  of    the  methyl    ioiide  before  heating  is   absolutely 
essential,    as   very   little   of   the    desired   ester   is    other- 
wise     obtained,    the  main  prjduct   bein^i   a  dark  brown   tar- 
ry m.ass   with   a  very  bad   odor. 

1.    Ber.    d.    Deut.Chem.    Ges.^    ^,    335. 
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1  ,4-Dlpheny3  -5-Mdthy]    tnlo3un.zo3  e. 
Thi ?    compound   wae  miie  by   the  method     of  Buech 
and  Holzmann,         eH.'^htly  modified.        A   eolation   of   2,4- 
dipheny] -3-methyl -thio] semi carbazide    in   benzene   wae   add- 
ed to    a  20  per    cent    solution   of     phosgene   in   dry   toluene. 
The    re-iction   was    carried   out    at    0°   and   the    solutions  were 
protected    from   the  moisture   oi  the   air  by   calcium  chloride 
tubes.        The  precipitate   wae   freed   as  much   ar  possible 
from   the    solution,    vashed   v.lth   water,    dried   in    th'^    air, 
and  precipitated   from  absolute   alcoholic    solution   v.-ith 
ether.         The   reprecipi tated   ester     melted,    when   dried   in 
vacuo    over    sulphuric    acid,    at    196".        It   w^s  pure   white 
in   color.         Ten   grains   of   diphenyl  rmethyl -thiol  semi carba- 
zide   gave   7.5  grams   of    1 ,4-diphenyl -5-methyl -thiol  urazol  e. 
1 .4-Siphenyl  ->   thi-ol  urazol  e. 
The   thiol    acid   wa?  prepared  by    paponif  i  c  ^tion 
of   the  m.ethyl -thiol    ester   with  potassium   or    sodium   sulph- 
hydrate   at    0".        A  weighed   quantity  of   t.ho  pure     methyl 
thiol  ester   of    1,4  -diphenyl -5-thiol  urazol  e   v.as   dissolved 
in    alcohol.        Five  per    cent  more    than    th»  m.ol 'Ocular   quan- 
tity  of      standard  alkali    ^7as  mf^asured   into    a   small    flask 
and    saturated      with  hydro  jen   sulphide   atC,    and   to    this 
was   added   the    alcoholic    solution   of   the  thiol  urazol  *?    ester. 
The   reaction  mixture  was  placed  in   ice    in   a     Devar   bulb 
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.<»nrj   n]:oFed    t.o    etirl    ov^r  nl^ht.         A   r-^ron^  odor  of 
::;'^':hy]    morcaptan   v.-ae   noticeat]*;   the   next  rornin,';:. 
The   reaction  mixture   v.-ap   treated   \i'ith   water   and   extract- 
ed with   rhJorofom   to    remove   any   unchanged   eeter. 
The   extracted    solution   v.ap    freed   from  drope   of    chloro- 
foxm  by   filtration,    coo] ed   in   ice   and    acidified  with    ace- 
tic  acid.         If  on]y   a  very    p3ight   excesr  of      acetic    acid 
wae  ueed   no   precipitate   was  ohtained.         A  large   exceer, 
however,    produced   a  white      floculent   precipitate   which 
ehowed  no    softening      at    141^   and     which  melted   at    220,*=* 
When    the   filtrate,    or   the      clear    solution  yielding  no 
precipitate  when    acidified  with  acetic   acid,    was  trested- 
ed  with  hydrochloric    acid   a  dense     white     precipitate 
was    formed.         This   was   filtered  off,    washed   with  water 
and    dried.         It    showed  no    softening   at    141"  and  melted 
at    220°.        V/hen   recrystal  1  ized   from,   alcohol    and  dried 
in   vacuo   over   sulphuric    acid  it  melted   sharply   at    220.5"- 
221.5°.         The      compound  obtained   was  undoubtedly    1,4  di- 
phenyl -5-thiol urazol e      in    quite  pure    state.        It    cculd 

hardly   contain    any   ^u^ntity  of   the  isomeric   thioVx  acid, 

urazol e 
or  of    1,4   diphenyl  ,    for  both  of   thepe   com.pounds    are 

A 

doubtlers   weaJcer    acids   than   the   thiolurazole   and     hence 
precipitated   from,   solutions   of  their   alkali    salts   by   a 
vory    slight    excess  of   acetic    acid.         The    saponification 
was   also    carriei   out    in    absolute   alcoholic   solutions   with 
the    same    results.        In    this    case   the    sodiuri    sulphhydrate 
was  prepared   by    saturating      a   solution    of   sodium   ethyl  ate 
in    absolute    alcohol    wit};  hydro-'^n    sulphide. 
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